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BACKLIGHT ASSEMBLY AND DISPLAY
APPARATUS HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0135889, filed on
Nov. 8, 2013 in the Korean Intellectual Property Office
(KIPO), the entire content of which is herein incorporated by
reference.

BACKGROUND

1. Field

The present invention relates to a backlight assembly and a
display apparatus having the same. More particularly, the
present invention relates to a backlight assembly providing
light to a display panel displaying an image and a display
apparatus having the same.

2. Description of the Related Art

A liquid crystal display apparatus includes a liquid crystal
display panel, a gate driving part, a data driving part and a
timing controlling part.

The liquid crystal display panel includes a lower substrate
including a thin film transistor and a pixel electrode, an upper
substrate including a common electrode, and a liquid crystal
layer disposed between the lower substrate and the upper
substrate and including a liquid crystal of whose arrangement
is changed due to an electric field between a pixel voltage
applied to the pixel electrode and a common voltage applied
to the common electrode.

The liquid crystal display panel is a non-light emitting
device, and thus the liquid crystal display apparatus needs a
backlight assembly providing light to the liquid crystal dis-
play panel.

Recently, a backlight assembly using a quantum dot to
provide light to the liquid crystal display has been developed.

The backlight assembly including the quantum dot
includes a light source generating an exitation light, a quan-
tum rail generating a white light from the exitation light, and
alight guide plate including a side surface receiving the white
light and an upper surface outputting the white light received
through the side surface.

Therefore, the light source and the quantum dot rail face
the side surface of the light guide plate. Thus, a width of a
bezel of the liquid crystal display apparatus is increased.

SUMMARY

Exemplary embodiments of the present invention provide a
backlight assembly capable of decreasing a width of a bezel
of a display apparatus.

Exemplary embodiments of the present invention also pro-
vide a display apparatus having the above-mentioned back-
light apparatus.

According to an exemplary embodiment of the present
invention, a backlight assembly includes a light emitting
module and a lower receiving container. The light emitting
module includes a first light source configured to generate a
first light and a quantum dot rail configured to generate a
second light from the first light. The light emitting module is
disposed under a display panel to provide the display panel
with the second light. The display panel is configured to
display an image. The lower receiving container is configured
to receive the light emitting module and the display panel.
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2

In one embodiment, the light emitting module may further
include a holding portion configured to hold the first light
source and the quantum dot rail and having an opening facing
the display panel.

In one embodiment, a plurality of the light emitting mod-
ules may be provided, the backlight assembly may include
light emitting blocks respectively corresponding to the light
emitting modules, and the light emitting modules may be
driven in a dimming driving method.

In one embodiment, the light emitting module may include
a plurality of the first light sources and a plurality of the
quantum dot rails respectively disposed on the first light
sources.

In one embodiment, currents of light source driving signals
respectively driving the first light sources may be controlled.

In one embodiment, pulse widths of light source driving
signals respectively driving the first light sources may be
controlled.

In one embodiment, the first light may be a blue light.

In one embodiment, the second light may be a white light.

In one embodiment, the backlight assembly may further
include a second light source generating the white light.

In one embodiment, the second light source and the first
light source may be sequentially driven.

In one embodiment, the second light source may be driven
in a first sub frame displaying a gray sub frame image data
having a minimum value of red, green and blue data of an
image data.

In one embodiment, the first light source may be driven in
a second sub frame displaying a color sub frame image data
except for the gray sub frame image data in the image data.

In one embodiment, the first light may be an ultraviolet
light and the second light may be a yellow light.

In one embodiment, the backlight assembly may further
include a second light source generating a blue light.

According to another exemplary embodiment of the
present invention, a backlight assembly includes a light emit-
ting module, a light guide plate and a lower receiving con-
tainer. The light emitting module includes a first light source
configured to generate a first light and a quantum dot rail
configured to generate a second light from the first light. The
light guide plate includes a side surface configured to receive
the second light and an exiting surface configured to exit the
second light received through the side surface. The lower
receiving container is configured to receive the light emitting
module, the light guide plate and a display panel. The display
panel is configured to receive the second light to display an
image.

In one embodiment, the backlight assembly may further
include a second light source generating a white light, and the
first light may be a blue light and the second light may be the
white light.

In one embodiment, the backlight assembly may further
include a second light source generating a blue light, and the
first light may be an ultraviolet light and the second light may
be a yellow light.

According to still another exemplary embodiment of the
present invention, a display apparatus includes a display
panel and a backlight assembly. The display panel displays an
image. The backlight assembly includes a light emitting mod-
ule including a first light source configured to generate a first
light and a quantum dot rail configured to generate a second
light from the first light and is disposed under the display
panel to provide the display panel with the second light, and
a lower receiving container configured to receive the light
emitting module and the display panel.
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In one embodiment, the first light may be a blue light, the
second light may be a white light, and the backlight assembly
may further include a second light source generating the
white light.

In one embodiment, the first light may be an ultraviolet
light, the second light may be a yellow light, and the backlight
assembly may further include a second light source generat-
ing a blue light.

According to the present invention, a light emitting module
including a quantum dot rail is disposed under a display
panel, and thus a width of a bezel of a display apparatus may
be decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing in
detailed example embodiments thereof with reference to the
accompanying drawings, in which:

FIG. 1 is an exploded perspective view illustrating a dis-
play apparatus according to an exemplary embodiment of the
present invention;

FIG. 2 is a cross-sectional view taken along a line I-I' of
FIG. 1,

FIG. 3 is a block diagram illustrating the display apparatus
of FIG. 1;

FIG. 4 is an exploded perspective view illustrating a dis-
play apparatus according to another exemplary embodiment
of the present invention;

FIG. 5 is a cross-sectional view taken along a line II-II' of
FIG. 4,

FIG. 6 is a block diagram illustrating the display apparatus
of FIG. 4;

FIG. 7 is a block diagram illustrating a timing controlling
part of FIG. 6;

FIG. 8 is a timing diagram illustrating a first light source
driving signal and a second light source driving signal of FIG.
6,

FIG. 9 is a flowchart illustrating a method of driving a
display panel performed by a display panel driving apparatus
of FIG. 6;

FIG. 10 is a flowchart illustrating a method of driving a
backlight assembly performed by a backlight assembly driv-
ing part of FIG. 6;

FIG. 11 is an exploded perspective view illustrating a dis-
play apparatus according to still another exemplary embodi-
ment of the present invention;

FIG. 12 is a cross-sectional view taken along a line ITI-IIT'
of FIG. 11;

FIG. 13 is an exploded perspective view illustrating a dis-
play apparatus according to still another exemplary embodi-
ment of the present invention;

FIG. 14 is a cross-sectional view taken along a line IV-IV'
of FIG. 13;

FIG. 15 is an exploded perspective view illustrating a dis-
play apparatus according to still another exemplary embodi-
ment of the present invention; and

FIG. 16 is a cross-sectional view taken along a line ITI-IIT'
of FIG. 15.

DETAILED DESCRIPTION

Hereinafter, the present invention will be explained in
detail with reference to the accompanying drawings.

FIG. 1 is an exploded perspective view illustrating a dis-
play apparatus according to an exemplary embodiment of the
present invention, and FIG. 2 is a cross-sectional view taken
along a line I-I' of FIG. 1.
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Referring to FIGS. 1 and 2, the display apparatus 100
according to the present exemplary embodiment includes an
upper receiving container 110, a display panel 120 and a
backlight assembly 200.

The upper receiving container 110 is disposed over the
display panel 120 to protect the display panel 120 from an
external impact, and a window is formed through the upper
receiving container 110 to expose a display area ofthe display
panel 120. The upper receiving container 110 includes an
upper portion covering a portion of the display panel 120, and
a side wall vertically extending from the upper portion.

The display panel 120 includes a lower substrate 121, an
upper substrate 122 and a liquid crystal layer (not shown).
The lower substrate 121 or the upper substrate 122 may
include a color filter. The lower substrate 121 includes a first
base substrate, a thin-film transistor and a pixel electrode. The
upper substrate 122 faces the lower substrate 121, and
includes a second base substrate and a common electrode.
The liquid crystal layer is disposed between the lower sub-
strate 121 and the upper substrate 122, and a liquid crystal of
the liquid crystal layer is aligned by an electric field generated
between the pixel electrode of the lower substrate 121 and the
common electrode of the upper substrate 122. The display
panel 120 displays an image using light exiting from a light
emitting module 220 included in the backlight assembly 200.
The display panel 120 may have a long side in a first direction
D1 and may have a short side in a second direction D2
substantially perpendicular to the first direction D1.

The backlight assembly 200 is disposed under the display
panel 120 to provide the light to the display panel 120. The
backlight assembly 200 includes a lower receiving container
210, a light emitting module 220 and optical sheets 230.

The lower receiving container 210 includes a bottom por-
tion on which the light emitting module 220 is disposed, and
a side wall vertically extending from the bottom portion. The
lower receiving container 210 is combined with the upper
receiving container 110 to receive the light emitting module
220, the optical sheets 230 and the display panel 120.

The light emitting module 220 is disposed under the dis-
play panel 120 and generates the light for display panel 120.
Thus, the backlight assembly 200 may be a direct type back-
light assembly.

Specifically, the light emitting module 220 includes a first
light source 221, a quantum dot rail 222 and a holding portion
223.

The first light source 221 generates a first light [L1. The first
light .1 may be a blue light. For example, the first light source
221 may be a blue light emitting diode (LED) generating the
blue light.

The quantum dot rail 222 receives the first light L1, and
generates a second light .2 from the first light [.1. The second
light 1.2 may be a white light.

The holding portion 223 holds the first light source 221 and
the quantum dot rail 222. The holding portion 223 has an
opening facing the display panel 120. Thus, the second light
L2 may be provided to the display panel 120. For example, the
holding portion 223 may include glass material.

There may be a plurality of light emitting modules 220.
Thus, the light emitting modules 220 may include a plurality
of'the first light sources 221 and a plurality of quantum the dot
rails 222 respectively disposed on the first light sources 221.
For example, each of the light emitting modules 220 may
extend in the second direction D2 and may be aligned in the
first direction D1. Alternatively, each of the light emitting
modules 220 may extend in the first direction D1 and may be
aligned in the second direction D2. The light emitting mod-
ules 220 may be uniformly spaced from one another.
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The optical sheets 230 are disposed over the light emitting
module 220 to enhance an efficiency of the second light 1.2
exited from the light emitting module 220. The optical sheets
230 may include a first optical sheet 231, a second optical
sheet 232 and a third optical sheet 233, and for example,
respectively, the first optical sheet 231, the second optical
sheet 232 and the third optical sheet 233 may be a diffusion
sheet, a prism sheet and a light-condensing sheet.

The display apparatus 100 may further include a mold
frame 130. The mold frame 130 is disposed between the
display panel 120 and the optical sheets 230 to support the
display panel 120, and the mold frame 130 fixes the optical
sheets 230 to the lower receiving container 210.

FIG. 3 is a block diagram illustrating the display apparatus
100 of FIG. 1.

Referring to FIGS. 1 to 3, the display apparatus 100
includes the display panel 120 and the backlight assembly
200, and may further include a gate driving part 140, a data
driving part 150, a timing controlling part 160 and a backlight
assembly driving part 170.

The display panel 120 receives a data signal DS based onan
image data DATA provided from the timing controlling part
160 to display an image. For example, the image data DATA
may be two-dimensional plane image data. Alternatively, the
image data DATA may include a left-eye image data and a
right-eye image data for displaying a three-dimensional ste-
reoscopic image.

The display panel 120 includes gate lines GL, datalines DL
and a plurality of pixels P. The gate line GL extends in the first
direction D1 and the data line DL extends in the second
direction D2 substantially perpendicular to the first direction
D1. Each of the pixels P includes a thin film transistor 123
electrically connected to the gate line GL and the data line
DL, a liquid crystal capacitor 124 and a storage capacitor 125
connected to the thin film transistor 123. The display panel
120 includes a display block DB respectively corresponding
to light emitting block LB of the backlight assembly 200.

The gate driving part 140 generates a gate signal GS in
response to a gate start signal STV and a gate clock signal
CPV1 provided from the timing controlling part 160, and
outputs the gate signal GS to the gate line GL.

The data driving part 150 outputs the data signal DS to the
data line DL in response to a data start signal STH and a data
clock signal CPV2 provided from the timing controlling part
160.

Thebacklight assembly 200 provides the second light .2 to
the display panel 120. The backlight assembly 200 includes
the light emitting blocks LB respectively corresponding to the
light emitting modules 220. When the light emitting modules
220 are disposed in a uniform distance, areas of each of the
light emitting blocks LB may be the same.

The timing controlling part 160 receives the image data
DATA and a control signal CON from an outside source. The
control signal CON may include a horizontal synchronous
signal Hsync, a vertical synchronous signal Vsync and a clock
signal CLK. The timing controlling part 160 generates the
data start signal STH using the horizontal synchronous signal
Hsync and outputs the data start signal STH to the data driv-
ing part 150. In addition, the timing controlling part 160
generates the gate start signal SW using the vertical synchro-
nous signal Vsync and outputs the gate start signal SW to the
gate driving part 140. In addition, the timing controlling part
160 generates the gate clock signal CPV1 and the data clock
signal CPV2 using the clock signal CLK, outputs the gate
clock signal CPV1 to the gate driving part 140 and outputs the
data clock signal CPV2 to the data driving part 150. In addi-
tion, the timing controlling part 160 may further output a light

10

15

20

25

30

35

40

45

50

55

60

65

6

source control signal LSC linked with the image data DATA
to the backlight assembly driving part 170.

The backlight assembly driving part 170 outputs a light
source driving signal LSD to the backlight assembly 200. The
backlight assembly driving part 170 may output the light
source driving signal LSD according to the light source con-
trol signal LSC provided from the timing controlling part 160
to drive each of the first light sources 221 included in the
backlight assembly 200.

Specifically, currents of the light driving signals LSD,
respectively driving the first light sources 221 according to
the light source control signal LSC, may be controlled. For
example, the current of the light source driving signal LSD
may be increased as a grayscale of the image data correspond-
ing to the display blocks DB is increased. Alternatively, pulse
widths of the light driving signals L.SD, respectively driving
the first light sources 221 according to the light source control
signal LSC, may be controlled. For example, the pulse width
of'the light source driving signal L.SD may be increased as the
grayscale of the image data corresponding to the display
blocks DB is increased. Alternatively, the currents and the
pulse widths of the light driving signals LSD, respectively
driving the first light sources 221 according to the light source
control signal LSC, may be controlled. For example, the
current of the light source driving signal L.SD and the pulse
width of the light source driving signal L.SD may be increased
as the grayscale of the image data corresponding to the dis-
play blocks DB are increased. Thus, the light emitting mod-
ules 220 and the backlight assembly 200 may be driven in a
dimming method.

According to the present exemplary embodiment, the light
emitting module 220 including the quantum dot rail 222 is
disposed under the display panel 120, and thus a width of a
bezel of the display apparatus 100 may be decreased.

FIG. 4 is an exploded perspective view illustrating a dis-
play apparatus according to another exemplary embodiment
of the present invention, and FIG. 5 is a cross-sectional view
taken along a line II-IT' of FIG. 4.

The display apparatus 300 according to the present exem-
plary embodiment is substantially the same as the display
apparatus 100 according to the previous exemplary embodi-
ment illustrated in FIGS. 1 and 2 except for backlight assem-
bly 400. Thus, the same reference numerals are used to refer
to same or like parts as those described in the previous exem-
plary embodiment and any further repetitive explanation con-
cerning the above elements has been omitted.

Referring to FIGS. 4 and 5, the display apparatus 300
according to the present exemplary embodiment includes the
upper receiving container 110, display panel 120 and back-
light assembly 400.

The upper receiving container 110 is disposed over the
display panel 120 to protect the display panel 120 from exter-
nal impact, and a window is formed through the upper receiv-
ing container 110 to expose the display area of the display
panel 120.

The display panel 120 includes the lower substrate 121, the
upper substrate 122 and the liquid crystal layer (not shown).

The backlight assembly 400 is disposed under the display
panel 120 to provide light to the display panel 120. The
backlight assembly 400 includes the lower receiving con-
tainer 210, a light emitting module 410, a second light source
420 and optical sheets 230.

The lower receiving container 210 is combined with the
upper receiving container 110 to receive the light emitting
module 410, the second light source 420, the optical sheets
240 and the display panel 120.
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The light emitting module 410 is disposed under the dis-
play panel 120 and generates the light for the display panel
120. Thus, the backlight assembly 400 may be a direct type
backlight assembly.

Specifically, the light emitting module 410 includes a first
light source 411, a quantum dot rail 412 and a holding portion
413.

The first light source 411 generates a first light 1. The first
light .1 may be a blue light. For example, the first light source
411 may be a blue light emitting diode (LED) generating the
blue light.

The quantum dot rail 412 receives the first light L1, and
generates a second light .2 from the first light [.1. The second
light 1.2 may be a white light.

The holding portion 413 holds the first light source 411 and
the quantum dot rail 412. The holding portion 413 has an
opening facing the display panel 120. Thus, the second light
L2 may be provided to the display panel 120. For example, the
holding portion 413 may include glass material.

There may be a plurality of light emitting modules 410.
Thus, the light emitting modules 410 may include a plurality
of'the first light sources 411 and a plurality of the quantum dot
rails 412 respectively disposed on the first light sources 411.
For example, each of the light emitting modules 410 may
extend in the second direction D2 and may be aligned in the
first direction D1. Alternatively, each of the light emitting
modules 410 may extend in the first direction D1 and may be
aligned in the second direction D2. The light emitting mod-
ules 410 may be uniformly disposed with respect to one
another.

The second light source 420 may be disposed at a side
portion of the light emitting module 410. There may be a
plurality of second light sources 420. Thus, the backlight
assembly 400 may include a plurality of the second light
sources 420 corresponding to each of the light emitting mod-
ules 410. For example, four second light sources 420 may
correspond to each of the light emitting modules 410. The
second light source 420 generates a third light [.3 to provide
the third light L3 to the display panel 120. The third light L3
generated from the second light source 420 may be white light
substantially equal to the second light L.2. For example, the
second light source 420 may be a white light emitting diode
(LED) generating the white light.

The optical sheets 230 are disposed over the light emitting
module 410 and the second light source 420 to enhance effi-
ciencies of the second light [.2 exited from the light emitting
module 410 and the third light .3 exited from the second light
source 420. The optical sheets 230 may include the first
optical sheet 231, the second optical sheet 232 and the third
optical sheet 233, and for example, respective the first optical
sheet 231, the second optical sheet 232 and the third optical
sheet 233 may be the diffusion sheet, the prism sheet and the
light-condensing sheet.

The display apparatus 300 may further include the mold
frame 130. The mold frame 130 is disposed between the
display panel 120 and the optical sheets 230 to support the
display panel 120, and the mold frame 130 fixes the optical
sheets 230 to the lower receiving container 210.

FIG. 6 is a block diagram illustrating the display apparatus
300 of FIG. 4.

The display apparatus 300 according to the present exem-
plary embodiment is substantially the same as the display
apparatus 100 illustrated in FIG. 3 except for a timing con-
trolling part 360, a backlight assembly driving part 370 and
the backlight assembly 400. Thus, the same reference numer-
als are used to refer to the same or like parts as those described
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in the previous embodiment and any further repetitive expla-
nation concerning those elements has been omitted.

Referring to FIGS. 4 to 6, the display apparatus 300
includes the display panel 120 and the backlight assembly
400, and may further include the gate driving part 140, the
data driving part 150, the timing controlling part 360 and the
backlight assembly driving part 370. The gate driving part
140, the data driving part 150 and the timing controlling part
360 may be defined as a display panel driving apparatus
driving the display panel 120.

The display panel 120 receives the data signal DS based on
a second image data DATA2 generated from the first image
data DATA1 by the timing controlling part 360 to display the
image. The display panel 120 includes the gate lines GL, the
data lines DL and the pixels P. Each of the pixels P includes
the thin film transistor 123 electrically connected to the gate
line GL and the data line DL, the liquid crystal capacitor 124
and the storage capacitor 125 connected to the thin film tran-
sistor 121.

The gate driving part 140 generates the gate signal GS in
response to the gate start signal STV and the gate clock signal
CPV1 provided from the timing controlling part 360, and
outputs the gate signal GS to the gate line GL.

The data driving part 150 outputs the data signal DS to the
data line DL in response to the data start signal STH and the
data clock signal CPV2 provided from the timing controlling
part 360.

The backlight assembly 400 provides the second light [.2
and the third light L3 to the display panel 120. The second
light 1.2 may be generated from the light emitting module 410
of the backlight assembly 400 and the third light [.3 may be
generated from the second light source 420 of the backlight
assembly 400.

The timing controlling part 360 receives the first image
data DATA1 and the control signal CON from an outside
source. The control signal CON may include the horizontal
synchronous signal Hsync, the vertical synchronous signal
Vsync and the clock signal CLK. The timing controlling part
360 generates the data start signal STH using the horizontal
synchronous signal Hsync and outputs the data start signal
STH to the data driving part 150. In addition, the timing
controlling part 360 generates the gate start signal STV using
the vertical synchronous signal Vsync and outputs the gate
start signal STV to the gate driving part 140. In addition, the
timing controlling part 360 generates the gate clock signal
CPV1 and the data clock signal CPV?2 using the clock signal
CLK, outputs the gate clock signal CPV1 to the gate driving
part 140 and outputs the data clock signal CPV2 to the data
driving part 150. In addition, the timing controlling part 360
may further output a light source control signal LSC linked
with the second image data DATAZ2 to the backlight assembly
driving part 370.

FIG. 7 is ablock diagram illustrating the timing controlling
part 360 of FIG. 6.

Referring to FIGS. 6 and 7, the timing controlling part 360
includes an image data dividing part 361, a light source con-
trol signal generating part 362, a gate start signal generating
part 363, a data start signal generating part 364 and a clock
signal generating part 365.

The image data dividing part 361 generates a gray sub
frame image data GSFD having a minimum value of red,
green and blue data in the first image data DATA1 applied
from the outside source. In addition, the image data dividing
part 361 generates a color sub frame image data CSFD except
for the gray sub frame image data in the first image data
DATAL1. The gray sub frame image data GSFD and the color
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sub frame image data CSFD may be the second image data
DATAZ2 provided to the data driving part 150.

The data driving part 150 may sequentially output a data
signal based on the gray sub frame image data GSFD and a
data signal based on the color sub frame image data CSFD.
Thus, the display panel 120 may sequentially display the gray
sub frame image data GSFD and the color sub frame image
data CSFD.

The light source control signal generating part 362 gener-
ates the light source control signal L.SC linked with the sec-
ond image data DATA2.

The gate start signal generating part 363 generates the gate
start signal STV using the vertical synchronous signal Vsync
applied from the outside source to output the gate start signal
SW to the gate driving part 140.

The data start signal generating part 364 generates the data
start signal STH using the horizontal synchronous signal
Hsync applied from the outside source to output the data start
signal STH to the data driving part 150.

The clock signal generating part 365 generates the first
clock signal CLK1 and the second clock signal CLK2 using
the clock signal CLK to output the first clock signal CPV1 to
the data driving part 150 and output the second clock signal
CPV2 to the gate driving part 140.

Referring to FIGS. 4 to 6 again, the backlight assembly
driving part 370 outputs a first light source driving signal
LSD1 and a second light source driving signal LSD2 to the
backlight assembly 400. The backlight assembly driving part
370 may output the first light source driving signal LSD1
according to the light source control signal LSC provided
from the timing controlling part 360 to drive each of the
second light sources 420 included in the backlight assembly
400. In addition, the backlight assembly driving part 370 may
output the second light source driving signal L.SD2 according
to the light source control signal LSC provided from the
timing controlling part 360 to drive each of the first light
sources 411 included in the backlight assembly 400.

FIG. 8 is a timing diagram illustrating the first light source
driving signal LSD1 and the second light source driving sig-
nal LSD2 of FIG. 6.

Referring to FIGS. 4 to 8, a frame FR includes a first sub
frame SFR1 and a second sub frame SFR2. The gray sub
frame image data GSFD is displayed on the display panel 120
during the first sub frame SFR1 and the color sub frame image
data CSFD is displayed on the display panel 120 during the
second sub frame SFR2.

The first light source driving signal LSD1 is activated
during the first sub frame SFR1 and is deactivated during the
second sub frame SFR2, and the second light source driving
signal L.SD2 is activated during the second sub frame SFR2
and is deactivated during the first sub fame SFR1. Therefore,
the second light source 420 is driven during only the first sub
frame and the first light source 411 included in the light
emitting module 410 is driven during only the second sub
frame SFR2. Thus, the quantum dot rail 412 included in the
light emitting module 410 is driven during only the second
sub frame SFR2.

FIG. 9 is a flowchart illustrating a method of driving a
display panel performed by the display panel driving appara-
tus of FIG. 6.

Referring to FIGS. 6, 7 and 9, the gray sub frame image
data GSFD and the color sub frame image data CSFD are
generated (step S110). Specifically, the timing controlling
part 360 generates the gray sub frame image data GSFD
having the minimum value of the red, green and blue data in
the first image data DATAL1. In addition, the timing control-
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ling part 360 generates the color sub frame image data CSFD
except for the gray sub frame image data in the first image
data DATA1.

The gray sub frame image data GSFD is displayed on the
display panel 120 during the first sub frame SFR1 (step
S120). Specifically, the data driving part 150 outputs the data
signal based on the gray sub frame image data GSFD to the
data line DL during the first sub frame SFR1.

The color sub frame image data CSFD is displayed on the
display panel 120 during the second sub frame SFR2 (step
S130). Specifically, the data driving part 150 outputs the data
signal based on the color sub frame image data CSFD to the
data line DL during the second sub frame SFR2.

FIG. 10 is a flowchart illustrating a method of driving the
backlight assembly 400 performed by the backlight assembly
driving part 370 of FIG. 6.

Referring to FIGS. 6, 8 and 10, the first light source driving
signal L.SD1 is activated and the second light source driving
signal .SD2 is deactivated during the first sub frame SFR1
(step S210). The gray sub frame image data GSFD is dis-
played on the display panel 120 during the first sub frame
SFR1. The first light source driving signal L.SD1 is activated
and the second light source driving signal LSD2 is deacti-
vated during the first sub frame SFR1, therefore the second
light source 420 is driven and the first light source 411 is not
driven. Thus, the quantum dotrail 412 is not driven during the
first sub frame SFR1.

The second light source driving signal LSD2 is activated
and the first light source driving signal LSD1 is deactivated
during the second sub frame SFR2 (step S220). The color sub
frame image data CSFD is displayed on the display panel 120
during the second sub frame SFR2. The second light source
driving signal .SD2 is activated, the first light source driving
signal L.SD1 is deactivated during the second sub frame
SFR2, and thus the first light source 411 and the quantum dot
rail 412 are driven.

In the present exemplary embodiment, the gray sub frame
image data GSFD is displayed on the display panel 120 dur-
ing the first sub frame SFR1 and the color sub frame image
data CSFD is displayed on the display panel 120 during the
second sub frame SFR2, but it is not limited thereto. For
example, the color sub frame image data CSFD may be dis-
played on the display panel 120 during the first sub frame
SFR1 and the gray sub frame image data GSFD may be
displayed on the display panel 120 during the second sub
frame SFR2.

In addition, in the present exemplary embodiment, the first
light source driving signal L.SD1 is activated during the first
sub frame SFR1 and is deactivated during the second sub
frame SFR2, and the second light source driving signal L.SD2
is activated during the second sub frame SFR2 and is deacti-
vated during the first sub frame SFR1, but it is not limited
thereto. For example, the second light source driving signal
LSD2 may be activated during the first sub frame SFR1 and
may be deactivated during the second sub frame SFR2, and
the first light source driving signal LSD1 may be activated
during the second sub frame SFR2 and may be deactivated
during the first sub frame SFR1.

In addition, in the present exemplary embodiment, the first
light source driving signal L.SD1 is deactivated during the
second sub frame SFR2, but the first light source driving
signal L.SD1 driving the second light source 420 may be
activated during the first sub frame SFR1 and the second sub
frame SFR2. Thus, the first light source driving signal L.SD1
may be activated during the frame FR.

According to the present exemplary embodiment, the
quantum dot rail 412 is not driven during the first sub frame
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SFR1, and is driven during the second sub frame SFR2, and
thus reliability of the light emitting module 410 including the
quantum dot rail 412 may be improved.

FIG. 11 is an exploded perspective view illustrating a dis-
play apparatus according to still another exemplary embodi-
ment of the present invention, and FIG. 12 is a cross-sectional
view taken along a line III-III' of FIG. 11.

The display apparatus 500 according to the present exem-
plary embodiment is substantially the same as the display
apparatus 300 illustrated in FIG. 4 except for a backlight
assembly 600. Thus, the same reference numerals are used to
refer to same or like parts as those described in the previous
embodiment and any further repetitive explanation concern-
ing the above elements has been omitted.

Referring to FIGS. 11 and 12, the display apparatus 500
according to the present exemplary embodiment includes the
upper receiving container 110, the display panel 120 and the
backlight assembly 600.

The upper receiving container 110 is disposed over the
display panel 120 to protect the display panel 120 from exter-
nal impact, and a window is formed through the upper receiv-
ing container 110 to expose the display area of the display
panel 120.

The display panel 120 includes the lower substrate 121, the
upper substrate 122 and the liquid crystal layer (not shown).

The backlight assembly 600 is disposed under the display
panel 120 to provide light to the display panel 120. The
backlight assembly 600 includes a light emitting module 610,
a second light source 620, a printed circuit board 625, a light
guide plate 630, a reflection plate (a reflection sheet) 640, the
optical sheets 230 and a lower receiving container 650.

The light emitting module 610 includes a first light source
611, a quantum dot rail 612 and a holding portion 613.

The first light source 611 may be substantially the same as
the first light source 411 of FIG. 5. Thus, the first light source
611 generates a first light, and the first light may be a blue
light. For example, the first light source 611 may be a blue
light emitting diode (LED) generating the blue light.

The quantum dot rail 612 may be substantially the same as
the quantum dot rail 412 of FIG. 5. Thus, the quantum dot rail
612 receives the first light, and generates a second light from
the first light. The second light may be a white light.

The holding portion 613 holds the first light source 611 and
the quantum dot rail 612. The holding portion 613 has an
opening facing the light guide plate 630. Thus, the second
light may be provided to the light guide plate 630. For
example, the holding portion 613 may include glass material.

The second light source 620 is disposed at a side portion of
the light emitting module 610. The second light source 620
may be substantially the same as the second light source 420
of FIG. 5. Thus, the second light source 620 generates a third
light, and the third light may be a white light substantially the
same as the second light. For example, the second light source
620 may be a white light emitting diode (LED) generating the
white light. There may be a plurality of the second light
sources 620, and in this case, the second light sources 620
may be disposed along the first direction D1 in which the light
emitting module 610 extends.

The printed circuit board 625 includes signal lines supply-
ing driving voltages to the first light source 611 and the
second light source 620.

The light guide plate 630 is disposed at a side of the light
emitting module 610 and the second light source 620, and
includes a side surface 631 receiving the second light gener-
ated from the light emitting module 610 and an exiting sur-
face 632 exiting the second light and the third light received
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through the side surface 631 to the display panel 120. Thus,
the backlight assembly 600 may be an edge type backlight
assembly.

The reflection sheet 640 is disposed between the light
guide plate 630 and the lower receiving container 650 and
between the second light source 620 and the lower receiving
container 650, and reflects the second light leaked from the
light emitting module 610, the third light leaked from the
second light source 620 and light leaked from the light guide
plate 630.

The optical sheets 230 are disposed over the light guide
plate 630 to enhance efficiency of the second light and the
third light exited from the light guide plate 630. The optical
sheets 230 may include the first optical sheet 231, the second
optical sheet 232 and the third optical sheet 233, and for
example, respectively, the first optical sheet 231, the second
optical sheet 232 and the third optical sheet 233 may be a
diffusion sheet, a prism sheet and a light-condensing sheet.

The lower receiving container 650 is combined with the
upper receiving container 110 to receive the light emitting
module 610, the second light source 620, the light guide plate
630, the reflection sheet 640, the optical sheets 230 and the
display panel 120.

The display apparatus 500 may further include the mold
frame 130. The mold frame 130 is disposed between the
display panel 120 and the optical sheets 230 to support the
display panel 120, and the mold frame 130 fixes the optical
sheets 230 to the lower receiving container 210.

A method of driving the backlight assembly 600 including
the light emitting module 610 and the second light source 620
is substantially the same as the method of driving the back-
light assembly in FIG. 10. Thus, the first light source 611 and
the quantum dot rail 612 may not be driven during a first sub
frame, and the first light source 611 and the quantum dot rail
612 may be driven during only a second sub frame.

According to the present exemplary embodiment, the
quantum dot rail 612 is not driven during the first sub frame,
driven during only the second sub frame, and thus reliability
of the light emitting module 610 including the quantum dot
rail 612 may be improved.

FIG. 13 is an exploded perspective view illustrating a dis-
play apparatus according to still another exemplary embodi-
ment of the present invention, and FIG. 14 is a cross-sectional
view taken along a line IV-IV' of FIG. 13.

The display apparatus 700 according to the present exem-
plary embodiment is substantially the same as the display
apparatus 300 illustrated in FIGS. 4 and 5 except for backlight
assembly 800. Thus, the same reference numerals have been
used to refer to same or like parts as those described in the
previous embodiment and any further repetitive explanation
concerning the above elements has been omitted.

Referring to FIGS. 13 and 14, the display apparatus 700
according to the present exemplary embodiment includes the
upper receiving container 110, the display panel 120 and the
backlight assembly 800.

The upper receiving container 110 is disposed over the
display panel 120 to protect the display panel 120 from exter-
nal impact, and a window is formed through the upper receiv-
ing container 110 to expose the display area of the display
panel 120.

The display panel 120 includes the lower substrate 121, the
upper substrate 122 and the liquid crystal layer (not shown).

The backlight assembly 800 is disposed under the display
panel 120 to provide light to the display panel 120. The
backlight assembly 800 includes the lower receiving con-
tainer 210, a light emitting module 810, a second light source
820 and optical sheets 230.
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The lower receiving container 210 is combined with the
upper receiving container 110 to receive the light emitting
module 810, the second light source 820, the optical sheets
240 and the display panel 120.

The light emitting module 810 is disposed under the dis-
play panel 120 and generates the light to the display panel
120. Thus, the backlight assembly 800 may be an edge type
backlight assembly.

Specifically, the light emitting module 810 includes a first
light source 811, a quantum dot rail 812 and a holding portion
813.

The first light source 811 generates a first light 1. The first
light .1 may be an ultraviolet light. For example, the first light
source 811 may be an ultraviolet ray light emitting diode
(LED) generating the ultraviolet light.

The quantum dot rail 812 receives the first light L1, and
generates a second light .2 from the first light [.1. The second
light 1.2 may be a yellow light.

The holding portion 813 holds the first light source 811 and
the quantum dot rail 812. The holding portion 813 has an
opening facing the display panel 120. Thus, the second light
L2 may be provided to the display panel 120. For example, the
holding portion 813 may include glass material.

There may be a plurality of light emitting modules 810.
Thus, the light emitting modules 810 may include a plurality
of'the first light sources 811 and a plurality of the quantum dot
rails 812 respectively disposed on the first light sources 811.
For example, each of the light emitting modules 810 may
extend in the second direction D2 and may be aligned in the
first direction D1. Alternatively, each of the light emitting
modules 810 may extend in the first direction D1 and may be
aligned in the second direction D2. The light emitting mod-
ules 810 may be uniformly disposed with respect to one
another.

There may be a plurality of second light sources 820 is
disposed at a side portion of the light emitting module 810.
Thus, the backlight assembly 800 may include a plurality of
the second light sources 820 corresponding to each of the
light emitting modules 810. For example, four second light
sources 820 may correspond to each of the light emitting
modules 810. The second light source 820 generates a third
light L3 to provide the third light L3 to the display panel 120.
The third light 1.3 generated from the second light source 820
may be a blue light. For example, the second light source 820
may be a blue light emitting diode (LED) generating the blue
light.

The light emitting module 810 generates the yellow light
including a red light and a green light, and the second light
source 820 generates the blue light, therefore the light emit-
ting module 810 and the second light source 820 may gener-
ate a white light.

The light emitting module 810 and the second light source
820 may be individually driven, and may be driven in a
dimming driving method. For example, when an image data
displayed on the display panel 120 includes red data and
green data except for blue data, the second light source 820
may not be driven and only the light emitting module 810 may
be driven, and when the image data displayed on the display
panel 120 includes blue data except for red data and green
data, the light emitting module 810 may not be driven and
only the second light source 820 may be driven.

The optical sheets 230 are disposed over the light emitting
module 810 and the second light source 820 to enhance effi-
ciencies of the second light [.2 exited from the light emitting
module 810 and the third light .3 exited from the second light
source 820. The optical sheets 230 may include a first optical
sheet 231, a second optical sheet 232 and a third optical sheet
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233, and for example, respectively, the first optical sheet 231,
the second optical sheet 232 and the third optical sheet 233
may be adiffusion sheet, a prism sheet and a light-condensing
sheet.

The display apparatus 700 may further include the mold
frame 130. The mold frame 130 is disposed between the
display panel 120 and the optical sheets 230 to support the
display panel 120, and the mold frame 130 fixes the optical
sheets 230 to the lower receiving container 210.

According to the present exemplary embodiment, the ultra-
violet light instead of the blue light is used as an exitation light
of'the quantum dot rail 812, and thus efficiency of light of the
light emitting module 810 may be increased.

FIG. 15 is an exploded perspective view illustrating a dis-
play apparatus according to still another exemplary embodi-
ment of the present invention, and FIG. 16 is a cross-sectional
view taken along a line III-1IT' of FIG. 15.

The display apparatus 900 according to the present exem-
plary embodiment is substantially the same as the display
apparatus 500 illustrated in FIGS. 11 and 12 except for a
backlight assembly 1000. Thus, the same reference numerals
will be used to refer to same or like parts as those described in
the previous embodiment and any further repetitive explana-
tion concerning the above elements has been omitted.

Referring to FIGS. 15 and 16, the display apparatus 900
according to the present exemplary embodiment includes the
upper receiving container 110, the display panel 120 and the
backlight assembly 1000.

The upper receiving container 110 is disposed over the
display panel 120 to protect the display panel 120 from exter-
nal impact, and a window is formed through the upper receiv-
ing container 110 to expose the display area of the display
panel 120.

The display panel 120 includes the lower substrate 121, the
upper substrate 122 and the liquid crystal layer (not shown).

The backlight assembly 1000 is disposed under the display
panel 120 to provide light to the display panel 120. The
backlight assembly 1000 includes a light emitting module
1010, a second light source 1020, a printed circuit board 625,
a light guide plate 630, a reflection plate 640, optical sheets
230 and a lower receiving container 650.

The light emitting module 1010 includes a first light source
1011, a quantum dot rail 1012 and a holding portion 1013.

The first light source 1011 may be substantially the same as
the first light source 811 of FIG. 14. Thus, the first light source
1011 generates a first light, and the first light may be an
ultraviolet light. For example, the first light source 1011 may
be an ultraviolet ray light emitting diode (LED) generating
the ultraviolet light.

The quantum dot rail 1012 may be substantially the same as
the quantum dot rail 812 of FIG. 14. Thus, the quantum dot
rail 1012 receives the first light, and generates a second light
from the first light. The second light may be a yellow light.

The holding portion 1013 holds the first light source 1011
and the quantum dot rail 1012. The holding portion 1013 has
an opening facing the light guide plate 630. Thus, the second
light may be provided to the light guide plate 630. For
example, the holding portion 1013 may include glass mate-
rial.

The second light source 1020 is disposed at a side portion
of the light emitting module 1010. The second light source
1020 may be substantially the same as the second light source
820 of FIG. 14. Thus, the second light source 1020 generates
a third light, and the third light may be a blue light. For
example, the second light source 1020 may be a blue light
emitting diode (LED) generating the blue light. There may be
a plurality of second light sources 1020, and in this embodi-
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ment, the second light sources 1020 may be disposed along
the first direction D1 in which the light emitting module 1010
extends.

The light emitting module 1010 and the second light source
1020 may be individually driven, and may be driven in a
dimming driving method. For example, when an image data
displayed on the display panel 120 includes red data and
green data except for blue data, the second light source 1020
may not be driven and only the light emitting module 1010
may be driven, and when the image data displayed on the
display panel 120 includes blue data except for red data and
green data, the light emitting module 1010 may not be driven
and only the second light source 1020 may be driven.

The printed circuit board 625 includes signal lines supply-
ing driving voltages to the first light source 1011 and the
second light source 1020.

The light guide plate 630 is disposed at a side of the light
emitting module 1010 and the second light source 1020, and
includes the side surface 631 receiving the second light gen-
erated from the light emitting module 1010 and the exiting
surface 632 exits the second light and the third light received
through the side surface 631 to the display panel 120. Thus,
the backlight assembly 1000 may be an edge type backlight
assembly.

The reflection sheet 640 is disposed between the light
guide plate 630 and the lower receiving container 650 and
between the second light source 1020 and the lower receiving
container 650, and reflects the second light leaked from the
light emitting module 1010, the third light leaked from the
second light source 1020 and light leaked from the light guide
plate 630.

The optical sheets 230 are disposed over the light guide
plate 630 to enhance efficiency of the second light and the
third light exited from the light guide plate 630. The optical
sheets 230 may include the first optical sheet 231, the second
optical sheet 232 and the third optical sheet 233, and for
example, respective the first optical sheet 231, the second
optical sheet 232 and the third optical sheet 233 may be the
diffusion sheet, the prism sheet and the light-condensing
sheet.

The lower receiving container 650 is combined with the
upper receiving container 110 to receive the light emitting
module 1010, the second light source 1020, the light guide
plate 630, the reflection sheet 640, the optical sheets 230 and
the display panel 120.

The display apparatus 900 may further include the mold
frame 130. The mold frame 130 is disposed between the
display panel 120 and the optical sheets 230 to support the
display panel 120, and the mold frame 130 fixes the optical
sheets 230 to the lower receiving container 210.

According to the present exemplary embodiment, the ultra-
violet light instead of the blue light is used as an exitation light
of'the quantum dot rail 1012, and thus efficiency of light of the
light emitting module 1010 may be increased.

According to the backlight assembly and the display appa-
ratus having the backlight assembly, a light emitting module
including a quantum dot rail is disposed under a display
panel, and thus a width of a bezel of the display apparatus may
be decreased.

The foregoing is illustrative of the present invention and is
not to be construed as limiting thereof. Although a few exem-
plary embodiments of the present invention have been
described, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments without materially departing from the teachings and
advantages of the present invention. Accordingly, all such
modifications are intended to be included within the scope of
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the present invention as defined in the claims. In the claims,
means-plus-function clauses are intended to cover the struc-
tures described herein as performing the recited function and
not only structural equivalents but also equivalent structures.
Therefore, it is to be understood that the foregoing is illustra-
tive of the present invention and is not to be construed as
limited to the specific exemplary embodiments disclosed, and
that modifications to the disclosed exemplary embodiments,
as well as other exemplary embodiments, are intended to be
included within the scope of the appended claims. The
present invention is defined by the following claims, with
equivalents of the claims to be included therein.

What is claimed is:

1. A backlight assembly comprising:

a light emitting module comprising a first light source
configured to generate a first light, a quantum dot rail
configured to generate a second light from the first light,
and a second light source configured to generate a third
light, the light emitting module being disposed under a
display panel to provide the display panel with the sec-
ond light, wherein the display panel is configured to
display an image; and

a lower receiving container configured to receive the light
emitting module and the display panel.

2. The backlight assembly of claim 1, wherein the light
emitting module further comprises a holding portion config-
ured to hold the first light source and the quantum dot rail, the
holding portion has an opening facing the display panel.

3. The backlight assembly of claim 1, wherein there are a
plurality of the light emitting modules comprising the light
emitting module, wherein the backlight assembly further
comprises light emitting blocks respectively corresponding
to the plurality of light emitting modules, and the light emit-
ting modules are driven in a dimming driving method.

4. The backlight assembly of claim 1, wherein the light
emitting module comprises a plurality of the first light
sources and a plurality of the quantum dot rails respectively
disposed on the first light sources.

5. The backlight assembly of claim 4, wherein currents of
light source driving signals respectively driving the first light
sources are controlled.

6. The backlight assembly of claim 4, wherein pulse widths
of light source driving signals respectively driving the first
light sources are controlled.

7. The backlight assembly of claim 1, wherein the first light
is a blue light.

8. The backlight assembly of claim 7, wherein the second
light is a white light.

9. The backlight assembly of claim 8,

wherein the third light is a white light.

10. The backlight assembly of claim 9, wherein the second
light source and the first light source are configured to be
sequentially driven.

11. The backlight assembly of claim 10, wherein the sec-
ond light source is configured to be driven in a first sub frame
displaying a gray sub frame image data having a minimum
value of red, green and blue data of an image data.

12. The backlight assembly of claim 11, wherein the first
light source is configured to be driven in a second sub frame
displaying a color sub frame image data except for the gray
sub frame image data in the image data.

13. The backlight assembly of claim 1, wherein the first
light is an ultraviolet light and the second light is a yellow
light.

14. The backlight assembly of claim 13,

wherein the third light is a blue light.
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15. A backlight assembly comprising:

a light emitting module comprising a first light source
configured to generate a first light, a quantum dot rail
configured to generate a second light from the first light,
and a second light source configured to generate a third
light;

a light guide plate comprising a side surface configured to
receive the second light and an exiting surface config-
ured to exit the second light received through the side
surface; and

a lower receiving container configured to receive the light
emitting module, the light guide plate and a display
panel, the display panel configured to receive the second
light to display an image.

16. The backlight assembly of claim 15,

wherein the first light is a blue light the second light is a
white light, and the third light is a white light.

17. The backlight assembly of claim 15,

wherein the first light is an ultraviolet light, the second light
is a yellow light, and the third light is a blue light.

10

15
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18. A display apparatus comprising:
a display panel configured to display an image; and

a backlight assembly comprising a light emitting module
comprising a first light source configured to generate a
first light, a quantum dot rail configured to generate a
second light from the first light, and a second light
source configured to generate a third light, the backlight
assembly being disposed under the display panel to pro-
vide the display panel with the second light, and a lower
receiving container configured to receive the light emit-
ting module and the display panel.

19. The display apparatus of claim 18, wherein the first
light is a blue light, the second light is a white light, and the
third light is a second white light.

20. The display apparatus of claim 18, wherein the first
light is an ultraviolet light, the second light is a yellow light,
and the third light is a blue light.
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